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We have examined the ability of peptidoglycan (PepG) and lipoteichoic acid (LTA) isolated from Staphylo-
coccus aureus to induce the release of tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6), and IL-10 in
whole human blood and identified the cellular origins of these cytokines. Both PepG and LTA induced tran-
sient increases in TNF-a and IL-10 in plasma, with peak values at 6 and 12 h, respectively. IL-6 values in-
creased throughout the experimental period (24 h). The TNF-a, IL-6, and IL-10 release induced by PepG and
LTA was dose dependent. Only PepG was a potent inducer of TNF-a secretion. After stimulation of whole blood
with PepG or LTA, very pure populations of monocytes (CD14 positive), T cells (CD2 positive), B cells (CD19
positive), and granulocytes (CD15 positive) were isolated by immunomagnetic separation and analyzed by re-
verse transcription-PCR for mRNA transcripts encoding TNF-a, IL-6, and IL-10. The TNF-a mRNA results
were inconclusive. In contrast, PepG induced IL-6 and IL-10 mRNA accumulation in both T cells and mono-
cytes. LTA, as well as lipopolysaccharide, induced IL-6 and IL-10 mRNA production in monocytes and possibly
in T cells. Whether granulocytes and B cells produce cytokines in response to bacterial stimuli remains ob-
scure. Blockade of the CD14 receptors with monoclonal antibodies (18D11) had no influence on the PepG-
induced release of TNF-a but attenuated the LTA-induced release of the same cytokine. In conclusion, our data
indicate that circulating T cells and monocytes contribute to cytokine production in sepsis caused by gram-
positive bacteria.

Upon invasion of mammalian tissue, bacteria activate com-
plement and tissue macrophages. Activated macrophages se-
crete proinflammatory cytokines such as tumor necrosis factor
alpha (TNF-a), interleukin-1b (IL-1b), and IL-8, which serve
to recruit phagocytes from the circulation, as well as to direct
an appropriate T-cell-mediated immune response (23). In
blood, bacteria or bacterial products elicit a systemic inflam-
mation characterized by massive activation of both macro-
phages in the reticuloendothelial system and circulating leuko-
cytes, release of cytokines, adhesion molecule expression on
endothelial cells, and development of hypotension. If not rap-
idly controlled, systemic inflammation may progress to sepsis,
septic shock, and multiple-organ failure. In this respect, IL-10
has been shown to be an important repressor of cytokine re-
lease in patients with meningococcal sepsis (4).

Septic shock is still the major cause of death in surgical
intensive care units (25). Sepsis caused by gram-negative (G2)
bacteria is triggered by lipopolysaccharide (LPS). LPS in com-
plex with LPS-binding protein binds to CD14 (33) on the
surface of monocytes-macrophages and activates toll-like re-
ceptor 2 (TLR2) (17, 35), which results in the systemic release

of proinflammatory mediators. The proportion of patients with
sepsis caused by G1 bacteria has increased, and today G1

bacteria account for almost half of the incidents of septicemia
(3, 7, 24). LPS is not found in G1 bacteria, and the chain of
events that leads to G1 bacterial sepsis is largely unknown.
However, cytokines are undoubtedly involved. G1 cell wall
fragments, as well as the pure cell wall constituents peptidogly-
can (PepG) and lipoteichoic acid (LTA), induce release of
TNF-a, IL-1b, and IL-6 from cultured macrophages-mono-
cytes (2, 14, 16, 22, 30). This induction is, however, dependent
on the serum factors complement and immunoglobulins (21).
Whether leukocytes of nonmyeloid origins produce cytokines
in response to G1 bacterial products has not been examined.

Recently, it has been observed that PepG binds to CD14 (9).
This suggests that CD14 also is involved in signaling events
induced by G1 bacteria. Moreover, recent studies have shown
that blockade of the CD14 receptor on murine monocytes by
monoclonal antibodies (MAbs) partly inhibits PepG (12, 32)-
and LTA (6, 13)-induced signaling events. This suggests that
both CD14-dependent and CD14-independent signaling path-
ways are operating. Recent data indicate that TLR2, but not
TLR4, is a signaling receptor for PepG from Staphylococcus
aureus and Streptococcus pneumoniae (28, 36). In addition,
there is some evidence that PepG and LTA from S. aureus act
in synergy to cause multiple-organ failure and shock in rats (8).

We have recently developed a whole-blood model to study
the cytokine network under both physiological and pathophys-
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iological conditions (31). In the present study, we have exam-
ined the ability of PepG and LTA isolated from S. aureus to
induce release of TNF-a, IL-6, and IL-10 in whole human
blood and identified the cellular origins of these cytokines.
Finally, the role of the CD14 receptor in signaling events
induced by PepG or LTA was studied.

MATERIALS AND METHODS

Reagents. Polymyxin B sulfate was purchased from Sigma-Aldrich. A MAb
against CD14 (18D11) and an isotype control antibody (immunoglobulin G2a)
were kind gifts from Diatec AS (Oslo, Norway). LTA from S. aureus was pur-
chased from Sigma-Aldrich (L2515). It was prepared using a phenol extraction
protocol (10). According to the manufacturer, the protein content was less than
0.5%.

Purification of PepG. PepG was isolated from S. aureus as previously described
(11). Covalently attached proteins were removed by treatment with pronase at 2
mg/ml for 1 h at 60°C (1). Anionic polymers were removed from the PepG by the
treatment of purified cell walls (10 mg [dry weight]/ml) with hydrofluoric acid
(48%, vol/vol) for 24 h at 4°C. The insoluble PepG was then washed by centrif-
ugation (14,000 3 g, 5 min) and resuspension once in 100 ml of Tris-HCl (pH
8.0) and five times in distilled water until the pH was neutral. The PepG was then
recovered by centrifugation as described above and resuspended in saline (0.9%,
wt/vol) prior to sterilization by autoclaving and storage at 220°C. PepG extract
was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis with
no evidence of any protein whatsoever. PepG was also enzymatically digested,
and it gave the expected reversed-phase high-pressure liquid chromatography
muropeptide profile with no spurious products.

Whole-blood experiments. We have recently developed and characterized the
whole-blood model used in this study (31). Briefly, venous blood from healthy
volunteers was anticoagulated with Na-citrate. In experiments aimed at studying
the kinetics of cytokine release, blood was incubated in Monovette syringes
(Sarstedt) in the absence or presence of 10 mg of PepG or 100 mg of LTA per ml
of blood, and samples were removed for analyses after 1, 3, 6, 12, and 24 h. In
some experiments, blood was pretreated for 30 min with CD14 MAb 18D11 (5
mg/ml), an immunoglobulin G1 control antibody (5 mg/ml), or polymyxin B
sulfate (5 mg/ml) and incubated further in the absence or presence of PepG (0.01,
0.1, 1, 3, 10, 30, or 100 mg/ml), LTA (0.01, 0.1, 1, 3, 10, 30, or 100 mg/ml), or LPS
(10 ng/ml) for different periods of time, as indicated in the figure legends.

Cytokine analyses. At indicated times, plasma was removed by centrifugation
at 7,000 3 g for 2 min and stored at 220°C for later analyses by an enzyme
immunoassay (EIA) specific for TNF-a, IL-6, and IL-10 in accordance with
protocols provided by the manufacturer (CLB, Amsterdam, The Netherlands).
The detection limit was 1 pg/ml.

Fractionation of white blood cells. CD14-positive cells were isolated from
whole blood as described by Solberg et al. (29). Briefly, Dynabeads M-450 CD14
(Dynal, Oslo, Norway) were used to isolate pure CD141 cells (monocytes,
macrophages, and a subset of granulocytes) after blood incubation in the ex vivo
whole-blood model. Fifty microliters of Dynabeads (4 3 108 beads/ml) were used
per 500 ml of blood. The beads and blood were incubated with gentle rotation for
10 min at 4°C and subsequently placed on a magnet (MPC 6; Dynal) for 3 min.
After being washed twice in cold phosphate-buffered saline, the cells were lysed
by addition of 500 ml of lysis-and-binding buffer. The lysates-beads were used
directly for mRNA isolation or frozen at 220°C.

CD21 (T cells), CD151 (granulocytes), and CD191 (B cells) cells were iso-
lated in a similar manner from 400, 100, and 800 ml of blood, respectively, in
accordance with protocols provided by the manufacturer (Dynal).

Cytokine mRNA analyses. Isolation of mRNA was carried out as recently
described (29), using oligo(dT)25-coated Dynabeads (Dynal). Briefly, 50 ml of
prewashed oligo(dT)25 (5 mg/ml)-coated Dynabeads and lysates from 400 ml of
CD141 cells, 400 ml of CD21 cells, 100 ml of CD151 cells, or 800 ml of CD191

cells were rotated for 5 min at room temperature. After thorough washing, the
beads-mRNA were resuspended in 20 ml of diethylpyrocarbonate-treated dis-
tilled H2O and used directly for reverse transcription (RT)-PCR or frozen at
220°C.

Semiquantitative analyses of cytokine mRNA expression were performed by
RT-PCR in accordance with a previously described protocol (29). Briefly, RT-
PCR was performed in a PCR cycler (GeneAmp 9600; Perkin-Elmer Cetus
Corp., Norwalk, Conn.). Synthesis of cDNA was performed by RT directly on the
mRNA attached to the oligo(dT)25 beads using a GeneAmp RNA PCR Kit
(Perkin-Elmer Cetus Corp.). Subsequently, the cDNA pool was analyzed by PCR
for cDNA specific for TNF-a, IL-6, IL-10, and b-actin using specific primers as
previously described (29).

Endotoxin measurements. Endotoxin (LPS) was measured with the Limulus
amoebocyte lysate (LAL) test in accordance with the manufacturer’s procedure
(COATEST Endotoxin; Chromogenix, Mölndal, Sweden). Endotoxin values be-
low 10 ng/liter were considered negative.

Statistical evaluation. Data are presented as means 6 the standard error of
the mean (SEM) Student’s t test or analysis of variance with Tukey post hoc
assessment was used to evaluate the statistical significance of the results. Differ-
ences with P values of ,0.05 were considered significant.

RESULTS

Kinetics of cytokine release in whole blood induced by PepG
or LTA. Figure 1 shows the time-dependent changes in the
plasma levels of TNF-a, IL-6, and IL-10 after stimulation of
whole blood with PepG (Fig. 1A) or LTA (Fig. 1B). Ten
micrograms of PepG per milliliter was used because this dose
gave almost maximal TNF-a values (Fig. 2). The lower potency
of LTA than PepG as an inducer of TNF-a (Fig. 2) prompted
us to use LTA at 100 mg/ml in the kinetics experiments. Values
are normalized to peak values for each cytokine and are rep-
resentative of 10 independent experiments. Spontaneous pro-
duction of TNF-a, IL-6, or IL-10 was not detected in plasma
from nonstimulated blood (data not shown). Addition of PepG
caused a rapid increase in TNF-a to maximal values after 6 h,
followed by a slow decrease. The level of IL-10 in plasma was
unchanged during the first few hours of the experiment but
rose at 4 to 6 h after stimulation and reached a peak after 12 h.
Thereafter, a decrease was seen. In contrast, the IL-6 level
increased throughout the experiment (24 h). Figure 1B shows
that addition of LTA resulted in cytokine kinetics similar to
those elicited by PepG; i.e., TNF-a and IL-10 were transiently
released with peak values after 6 and 12 h, respectively, and
IL-6 increased throughout the experiment.

Dose dependency of PepG and LTA on the release of TNF-a,
IL-6, and IL-10 in whole human blood. Figure 2 shows that
PepG (closed symbols) and LTA (open symbols) induced the
release of TNF-a (Fig. 2A), IL-6 (Fig. 2B), and IL-10 (Fig. 2C)
in a dose-dependent manner. The exact cytokine values varied
between blood donors, and the results in Fig. 2 are represen-
tative of 10 experiments. As seen in Fig. 2A, PepG induced
severalfold higher values of TNF-a than did LTA at all of the
doses tested. The threshold doses of PepG and LTA required
to induce TNF-a release were 0.1 to 1 mg of PepG per ml of
blood and 10 to 30 mg of LTA per ml of blood (data not
shown). Addition of 3 to 10 mg of PepG per ml gave nanogram

FIG. 1. Time-dependent levels of TNF-a, IL-6, and IL-10 in plasma during
stimulation of whole blood with PepG (A) or LTA (B). The whole blood was
added 10 mg of PepG or 100 mg of LTA per ml of blood, and the blood
was incubated at 37°C for 24 h. After the indicated periods of time, plasma was
isolated and analyzed for TNF-a, IL-6, and IL-10 by EIA. Cytokine values are
normalized to the highest value for each cytokine in 1 representative experiment
of 10 performed.
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amounts of TNF-a per milliliter of plasma, whereas an appar-
ently high dose of LTA (30 to 100 mg/ml) was a poor inducer
of TNF-a. Both PepG and LTA potently induced IL-6 and
IL-10 formation. The threshold doses of the bacterial products
required for the induction of IL-6 or IL-10 were in the range of

0.1 to 1 mg of PepG or LTA per ml of blood (data not shown).
Figure 2B shows that concentrations of PepG of 1 to 10 mg/ml
induced IL-6 values severalfold higher than those obtained by
using identical concentrations of LTA, whereas PepG and
LTA were fairly similar in potency at doses of 30 to 100 mg/ml.
The dose-dependent effects of PepG and LTA on IL-10 pro-
duction were similar to that of IL-6 (Fig. 1C). Low concentra-
tions of PepG induced higher IL-10 values than low concen-
trations of LTA, but high concentrations (30 to 100 mg/ml) of
LTA or PepG induced IL-10 values similar in magnitude.

Cellular origin of cytokines. Figure 3 shows accumulation of
mRNAs for TNF-a (panel A), IL-6 (panel B), IL-10 (panel C),
and b-actin (panel D) in CD141, CD191, CD21, and CD151

leukocytes isolated after stimulation of whole human blood
with PepG at 10 mg/ml, LTA at 30 mg/ml, or LPS at 10 ng/ml,
as detected by RT-PCR. Panel A shows that TNF-a mRNA
was detected in all leukocyte types from nonstimulated blood
(lanes 1 to 4; by mistake, no RT product was added to lane 2),
as well as from blood exposed for 6 h to PepG (lanes 5 to 8),
LTA (lanes 9 to 12), or LPS (lanes 13 to 16). In contrast, IL-6
(panel B) and IL-10 (panel C) mRNAs were not detected in
leukocytes isolated from nonstimulated blood (lanes 1 to 4).
Panel B shows that PepG stimulation gave IL-6 mRNA accu-
mulation in CD141 (lane 5) and CD21 (lane 7) cells but not in
CD191 (lane 6) and CD151 (lane 8) cells. Addition of LTA
resulted in strong induction of IL-6 mRNA in CD141 (lane 9)
cells, as well as weak signals in CD21 (lane 11) and CD151

(lane 12) cells. Addition of LPS resulted in high accumulation
of IL-6 mRNA in CD141 (lane 13) cells and weak signals in
CD191 (lane 14) and CD21 (lane 15) cells. Panel C shows that
addition of PepG resulted in induction of IL-10 mRNA in
CD141 (lane 5) and CD21 (lane 7), but not in CD191 (lane 6)
and CD151 (lane 8), cells. IL-10 mRNA accumulation induced
by LTA or LPS seemed to be restricted to CD141 cells (lanes
9 and 13, respectively).

Blockade of the CD14 receptor. The results in Table 1 dem-
onstrate the impact of blockade of the CD14 receptor with a
MAb (18D11) on TNF-a formation induced by PepG or LTA.
Treatment of blood for 30 min with the 18D11 CD14 antibody
at 5 mg/ml prior to PepG stimulation (10 mg/ml) did not influ-
ence TNF-a values in plasma. In contrast, pretreatment with
18D11 significantly attenuated LTA (100 mg/ml)-induced
TNF-a release by approximately 50% (P # 0.01). In compar-
ison, the increase in TNF-a release caused by LPS was atten-
uated by 70% after treatment with this CD14 MAb (P #
0.001).

FIG. 2. Abilities of various concentrations of PepG (closed symbols) and
LTA (open symbols) to cause secretion of TNF-a (A), IL-6 (B), and IL-10 (C)
in whole blood. Whole blood was spiked with various doses (0, 1, 3, 10, 30, and
100 mg/ml) of PepG or LTA and incubated for 6 h at 37°C. Plasma was analyzed
for TNF-a, IL-6, and IL-10 by EIA. Results are from 1 representative experiment
of 10 performed.

FIG. 3. Expression of mRNA for TNF-a, IL-6, IL-10, and b-actin in various leukocyte populations 6 h after incubation of whole blood in the absence (lanes 1 to
4) or presence (lanes 5 to 8) of PepG, LTA (lanes 9 to 12), or LPS (lanes 13 to 16) at 37°C. CD141, CD191, CD21, and CD151 cells were isolated by immunomagnetic
separation. mRNAs from these cells were isolated by oligo(dT)25-coated magnetic beads, reverse transcribed, and analyzed for transcripts encoding TNF-a (panel A,
443 bp), IL-6 (panel B, 628 bp), IL-10 (panel C, 328 bp) and b-actin (panel D, 660 bp) by PCR. Note that by mistake, no RT product was added to the sample in lane
2 (panel B). Unstim., unstimulated.
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Contamination with LPS. Table 2 shows that treatment of
PepG with polymyxin B (5 mg/ml) did not influence the ability
of PepG to induce TNF-a. In contrast, polymyxin B caused a
50% decrease in the TNF-a release induced by LTA (P 5
0.0004) and nearly abolished the LPS-induced TNF-a release
(P # 0.0001). LPS activity in the PepG solution used was
further found to be under the level of detection (10 ng/liter), as
measured by the LAL test (data not shown). In contrast, the
LTA solution demonstrated LPS activity corresponding to 4 ng
of LPS per mg of LTA.

DISCUSSION

In this paper, we demonstrate that whole human blood is a
potent source of TNF-a, IL-6, and IL-10 production upon
stimulation by PepG and LTA. We further present evidence
that, in addition to monocytes, T cells innately produce cyto-
kines in response to stimulation with G1 bacterial cell wall
components.

The observed kinetics of TNF-a, IL-6, or IL-10 release were
similar after addition of PepG or LTA and also strongly re-
semble the kinetics previously observed upon stimulation with
LPS (P. F. Jørgensen, J. E. Wang, M. Almløf, R. Solberg, C.
Okkenhaug, T. Scholz, C. Thiemermann, S. J. Foster, and
A. O. Aasen, submitted for publication; 31). The amounts of
PepG required to induce cytokine production were higher than
those reported for LPS. Ten micrograms of PepG per milliliter
of blood gave TNF-a values similar to those obtained with
1,000-fold smaller amounts of LPS. However, to compare
doses of PepG and LPS is dubious because PepG is a contin-
uous insoluble macromolecule, the ability of which to stimulate
cells is known to be highly dependent on dispersion into
smaller particles (27). Most notably, recent observations indi-
cate that there exists a narrow window with respect to the
molecular size of PepG molecules within which PepG can
stimulate cells (P. Morreillon and P. Majcherczyk, 5th World
Congr. Trauma, Shock, Inflammation and Sepsis, abstr. 354, p.
90, 2000). According to previous reports, LTA from S. aureus
does not induce cytokine release from cultured monocytes (2,
16). In our model, high concentrations of LTA caused low
levels of TNF-a in plasma. Thus, LTA is probably not a sig-
nificant trigger for TNF-a release in vivo. However, LTA con-
centrations similar to those that failed to induce IL-6 release
from cultured monocytes (2) induced large amounts of IL-6 in
whole blood. Whether this discrepancy is attributable to IL-6
secretion from nonmonocytic cells or to paracrine factors not
present in monocyte cultures remains unclear. It should be
mentioned, however, that both PepG and LTA induced much
higher values of IL-6 than of TNF-a and IL-10. This might

indicate a role for leukocyte-derived IL-6 in bacteremia and
sepsis, e.g., induction of the acute-phase response in the liver.

With regard to the cellular origins of TNF-a, we were unable
to obtain conclusive data. This was partly because TNF-a
mRNA was detected in all of the leukocyte populations studied
but more importantly because TNF-a mRNA was spontane-
ously produced in the absence of a bacterial product, as de-
tected by RT-PCR. In contrast, IL-6 and IL-10 mRNAs were
not detected in unstimulated cells but were clearly induced by
PepG in both monocytes and T cells in several independent
experiments. To the best of our knowledge, this is the first
evidence that PepG induces gene activation of IL-6 and IL-10
in T cells. The specific subpopulation of T cells with which
PepG interacts and the mechanisms by which PepG interacts
with T cells to induce cytokine production are, however, still
unknown. The low levels of IL-6 mRNA observed in this study
in T cells after stimulation with LTA and LPS were not always
reproduced, and it is still unclear whether LTA and LPS also
induce cytokine production in T cells. With respect to the weak
and sporadic detection of IL-6 mRNA in granulocytes and B
cells, further investigation is required to validate the signifi-
cance of these results. A subset of neutrophils express the
CD14 receptor (34), and neutrophils have been reported to
produce IL-1b and TNF-a; however, conflicting data exist con-
cerning neutrophils as IL-6 producers (reviewed in reference
5). Whether B cells contribute to cytokine production in bac-
teremic blood remains obscure.

Some 2 decades ago, it was reported that PepG is a human
T-cell mitogen, as well as an activator of B cells (18, 26). S.
aureus contains superantigens that have the potential to acti-
vate T cells in a promiscuous manner by binding to the Vb
chain of the T-cell receptor. However, we find it extremely
unlikely that the effects of PepG on T cells observed in the
present study were due to superantigens. Firstly, our PepG was
treated with pronase. Secondly, amino acid analysis of samples
has only revealed the presence of PepG amino acids. Another
possible mechanism for innate stimulation of T cells by bacte-
rial products has been suggested by Mattern and coworkers,
who reported that LPS induced various activities in T cells (19)
and that this stimulation depends on cell-cell interactions with
monocytes via B7 molecules (20). In preliminary experiments,
however, we were unable to measure by flow cytometry the
expression of B7 molecules on monocytes after stimulation
with LPS or PepG (P. F. Jørgensen and J. E. Wang, unpub-
lished data).

With respect to monocytes, this is the first evidence that S.
aureus PepG and LTA induce production of IL-6 and IL-10
mRNAs in circulating human cells stimulated ex vivo. It should
be stressed, however, that the accumulation of IL-6 and IL-10
mRNAs in monocytes was higher and more persistent than in
T cells. This is in agreement with the current opinion that
monocytes and macrophages are the main innate cytokine pro-

TABLE 1. Effect of pretreatment of whole blood with anti-CD14
MAb 18D11 on the ability of PepG, LTA, or

LPS to induce TNF-a release

Bacterial product
(concn)

Concn of TNF-a released (pg/ml)a

Without 18D11 With 18D11 With control
antibody

PepG (10 mg/ml) 6,593 6 1,350 9,226 6 1,291 9,558 6 1,240
LTA (30 mg/ml) 2,506 6 220 1,188 6 269b 2,421 6 314
LPS (10 ng/ml) 11,140 6 635 3,533 6 636b 10,900 6 778

a Values are means 6 SEM of six experiments. MAb 18D11 and control
antibody were added at 5 mg/ml.

b Significantly lower (P , 0.05) than the value for the untreated control group
as calculated by analysis of variance with Tukey post hoc assessment.

TABLE 2. Effect of treatment of PepG, LTA, or LPS with
polymyxin B on TNF-a release in whole human blood

Bacterial product
(concn)

Concn of TNF-a released (pg/ml)a

Without polymyxin B With polymyxin B

PepG (10 mg/ml) 6,593 6 1,350 6,368 6 1,517
LTA (30 mg/ml) 2,506 6 220 1,061 6 167b

LPS (10 ng/ml) 11,140 6 635 209 6 38b

a Values are means 6 SEM of six experiments.
b Significantly lower (P , 0.05) than the value for the untreated control group

as calculated by Student’s t test.
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ducers in response to bacterial cell wall components in blood,
as well as in tissue.

The possibility that innate T-cell responses to LPS and PepG
are monocyte dependent (19), together with the finding that
the innate response to PepG is serum dependent (21), high-
lights the importance of studying leukocyte responses in whole
blood. Interleukins were originally defined and named by their
function as carriers of information between leukocytes. Hence,
the cytokine network is best studied in a mixed population of
leukocytes. However, there is also a need to precisely define
the individual actions of the various leukocyte subtypes. The
model used in the present investigations meets these criteria by
studying gene activation in specific leukocyte types after stim-
ulation in whole blood.

Blockade of the CD14 receptor by MAb 18D11 did not
influence the ability of PepG to induce TNF-a release. This is
in contrast to previous observations that CD14 is involved in
PepG signaling (12, 32). We recently demonstrated that MAb
18D11 abolished the ability of LPS to induce cytokine produc-
tion in whole blood (31). However, it is not known whether
LPS and PepG share binding sites on CD14 and 18D11 may
block binding of LPS, but not of PepG, to the CD14 molecule.
In two recent studies, it was found that transfection of TLR2,
but not that of TLR1 or TLR4, conferred on various cell lines
the ability to respond to S. aureus cell walls (36), as well as to
isolated PepG and LTA (28). In our experiments, LTA-in-
duced TNF-a was strongly reduced after pretreatment with
18D11, in accordance with previous findings obtained with
monocytes (6). The finding that pretreatment of LTA with the
LPS inhibitor polymyxin B also greatly reduced the ability of
LTA to induce TNF-a release may indicate contamination of
LTA with LPS. This was furthermore supported by the fact
that the LTA used in our investigation demonstrated LPS
activity in the LAL test. However, Jaber et al. also observed
that LTA-induced TNF-a production was suppressed by 40 to
60% after polymyxin B treatment and put forward the hypoth-
esis that LTA binds to polymyxin B (15). The LTA may also
have been contaminated with PepG. However, the similar abil-
ities of LTA and PepG to induce the release of IL-6 and IL-10
are an argument against the significance of contamination with
PepG for the induction of IL-6 and IL-10. The low levels of
TNF-a induced by large amounts of the LTA preparation
might have been caused by contaminants. The possibility that
LPS contamination contributed to the PepG effects seen in the
present study is strongly contradicted by the finding that nei-
ther polymyxin B treatment nor blocking of the CD14 receptor
affected the ability of PepG to induce TNF-a. Moreover, we
were unable to measure any LPS in PepG by the LAL test
(detection limit, 10 ng/liter).

In conclusion, our results suggest that cytokines released
from circulating T cells and monocytes contribute to the patho-
genesis of sepsis caused by G1 bacteria.
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